Intrоduсtiоn
In recent years, bed planting has been adopted in many countries, especially in Mexico. However, it is a quite new method in Turkey and has become Raised bed planting system has widespread application in irrigated agriculture of several countries because of the advantages of the system provided in soil tillage, water use and production costs. This study was conducted by Transitional Zone Agricultural Research Institute in Eskisehir and Selçuk University between the years 2007-2010. Bed planting system was used in this study and the effects of spring nitrogen (N 15 -enriched urea) treatment methods (broadcasting and sub-surface application) on yields, nitrogen losses and nitrogen uptake efficiencies of two different wheat cultivars (Bezostaja1 and Alpu2000) were investigated under irrigated conditions. While treatments did not have significant effects on Bezostaja 1, they improved nitrogen uptake efficiency of Alpu2000. Nitrogen loss was 66.5% in control treatment of Alpu2000 and the value decreased to 49.2% with sub-surface nitrogen treatments. As compared to broadcasting treatments, 17.3% less nitrogen loss was achieved in sub-surface treatments. While nitrogen uptake efficiency was 19.9% in control treatments, the value reached to 33.4% with sub-surface treatments. Nitrogen uptake efficiency of sub-surface treatments was 13.5% higher than broadcasting treatments. It was concluded for bed planting system that sub-surface nitrogen treatments in spring significantly improved nitrogen uptake efficiencies and reduced nitrogen losses. chine weed control in spring and with the same operation applied nitrogen is incorporated into the soil. There are some research findings indicating improved nitrogen use efficiencies with such systems (Fahong et al 2004) . It is known that when the nitrogenous fertilizers were applied to soil surface (broadcasted) in spring, great losses are encountered through evaporation (Mc Innes et al 1986) . However, when such fertilizers were incorporated into the soil (sub-surface application), nitrogen losses through evaporation is greatly limited, nitrogen utilization efficiency is enhanced and ultimately several economic benefits are achieved (Rao & Dao 1996; Fahong et al 2004) . Smil (1997) indicated that nitrogen use efficiencies could be improved and less fertilizer could be used through more suitable application methods. However, under dry farming conditions, nitrogen uptake rates of wheat are usually below 50% due to significant evaporative losses when nitrogenous fertilizers were broadcasted over the soil surface (Fillery & McInnes 1992) . Especially when urea fertilizer is broadcasted without incorporated into the soil, ammonia-type evaporative losses can exceed 40% (Fowler 1989; Hargrove et al 1977) , and it has been reported that these losses were generally more at high temperatures, high pH levels and stubble deposits (Raun & Johnson 1999) .
The primary objective of this study was to reduce nitrogen losses applied in spring season by increasing nitrogen uptake efficiency under irrigated conditions with bed planting system.
Materials and Methods
The present study was conducted between the years 2007-2010 to investigate effects of seasonal nitrogen fertilizer management systems on yield, nitrogen loss and nitogen uptake efficiencies of bread wheat cultivars under Eskisehir conditions. Two bread wheat cultivars [red hard (Bezostaja 1) and white semi-hard (Alpu2001)] were experimented under irrigated conditions.Two different nitrogen treatment methods (broadcasting and sub-surface) were used to apply nitrogenous fertilizers. Experimental layout was factorial in randomized complete block design with four replications.
Two year experimental data were evaluated in this study. Experiments were carried out on the experimental fields of Transitional Zone Agricultural Research Institute in Eskişehir. Bed planting system was used in sowings. Each plot had 3 sowing beds 70 cm apart, 6 m long and 0.70 m wide (2.1 x 6 = 12.6 m 2 ). Two rows were sown in each bed. Only 5 m sections of 2 beds were harvested (1.4 x 5 = 7 m 2 ) as to eliminate side effects. 350 grains m -2 sowing density was used based on results of previous studies. In present study, a pilot plot was treated with N 15 treatments, 2 m of experimental plots was treated with N 15 -enriched urea and the rest was treated with normal urea fertilizer. Both treatments were applied on the same day to eliminate the effects of timing and control treatment was performed right after mechanization. Monitoring technique was used to see the fate of nitrogen and evaluate the efficiency of the method, in other words, the effect of N 15 use. Calculations were performed under the consultancy of TAEK experts (Halitligil et al 2002; Faust H 1981) . N 15 was also used in control plots to compare the efficiency of both methods. Nitrogen quantities were not considered as a factor in experiments and 150 kg N ha -1 ,recommended for irrigated conditions of the region, was used. Half of this nitrogen was applied at sowing as a normal, not N 15 -enriched form, fertilizer and the other half was applied as N 15 -enriched fertilizer as described above.
Long-term and experimental year precipitation data are provided in Table 1 . Table 1 Precipitation data (2007) (2008) (2009) (2010) . Soil characteristics of the experimental site are provided in Experimental soils have clayey texture with low organic matter (1-2%) levels. Soils had either medium (5-15%) or high (15-25%) lime contents, slight alkaline reaction and were either saline or non-saline. Available B, Cu and Mn levels were sufficient, but Zn levels were insufficient (Lindsay & Norvell 1978) . Zn was applied in spring through foliar applications in the first year and applied to soil at sowing in subsequent years, due to Zn deficiency in soils.
YEARS
Data analysis Data were analyzed with JMP statistical software (JMP, SAS Institute, Cary, NC). General linear model (GLM) of the software was used for variance analysis. Student's t-test was used to compare the means. Experimental data were also subjected to regression and correlation analyses.
Results and Discussion
Grain yields of treatments are provided in Table 3 . Treatments did not have significant effects on grain yields of the first year, but only sub-surface nitrogen treatments had significantly higher yields than the control treatment in the second year. In present study, only the nitrogen treatment methods were compared, nitrogen doses were not compared. With regard to wheat cultivars (Bezostaja 1 and Alpu2000), treatments did not have significant influences on yields of Bezostaja 1, but sub-surface treatments influenced the yields of Alpu2000.
Since the total nitrogen (150 kg N ha -1 ) used in experiments exceeded the nitrogen need of wheat in the first year, sub-surface treatments did not significantly influence grain yields. However, the treatments had significant effects in the last year since soil nitrogen levels of the last year were quite low. In the first year, wheat was sown after safflower exploiting soils, but it was sown after maize in the second year. Maize uptakes more nitrogen than safflower and such a decrease in soil nitrogen levels can clearly be seen in Table 2 . Table 3 Effects of spring nitrogen treatment method on As can be inferred from Table 4 , sub-surface nitrogen treatments did not have significant effects on total plant nitrogen yields of the first year. However, actual dimensions of plant nitrogen uptake can better be in-Savasli et al. / Selcuk J Agr Food Sci, (2017) 31 (2), 86-91 ferred from straw, grain and plant total nitrogen yields rather than total concentrations.
To calculate nitrogen uptake efficiency from the straw and grain nitrogen contents, initially these contents should be converted into straw and grain nitrogen yields, then to plant total nitrogen yield with the following equations;
STRAW YIELD (kg ha Calculated plant total nitrogen yields from the above equations are provided in Table 4 . As compared to the control treatment, sub-surface treatments increasedplant nitrogen uptake by 10 kg ha -1 . Nitrogen uptake values provided here indicated how much of total 150 kg nitrogen was up taken. On the other hand, to see the effects of nitrogen treatment methods on nitrogen uptake, only the N 15 values applied in spring should be used. Following equations were used to get these values: 
The value called as Fertilizer Use Efficiency in these calculations was defined as Fertilizer Nitrogen Uptake Efficiency The % Nff values were calculated from the analyses results of TAEK. Calculated fertilizer nitrogen uptake efficiency values are provided in Table 5 . As compared to the control treatment, sub-surface treatments had significant effects on fertilizer nitrogen uptake efficiencies of both years. As the average of two years, while nitrogen uptake efficiency was 19.9% in control treatment, the value increased by 33.4% with sub-surface treatments. In general, sub-surface treatments yielded 13.5% higher nitrogen uptake efficiency as compared to the control treatment. It was reported that 8-35% of total nitrogen uptake realized after pollination (Van Sanford & MacKown 1987) . Current treatments significantly increased nitrogen uptakes in Savasli et al. / Selcuk J Agr Food Sci, (2017) 31 (2), 86-91 the first and the last year. In this study, fate of nitrogen not taken up by plants (either remained in soil or lost ) was also investigated. As it was in plant nitrogen uptakes, treatments had significant effects on nitrogen losses in the first and the last year and especially when Alpu cultivar was used.
As the average of two years, while the nitrogen loss was 66.5% in control treatment, the value decreased to 49.0% in sub-surface treatments. About 17.5% difference in nitrogen losses was found to be significant.
Sub-surface treatments almost halved the nitrogen losses in the first year for Alpu. Nitrogen losses of cultivars are presented in Figure 1 . Sub-surface treatments reduced evaporative losses and thus improved nitrogen use efficiencies and provided serious economic benefits (Rao & Dao 1996; Fahong et al 2004) . It was reported that when the urea fertilizer was broadcasted over the field without incorporating into the soil, evaporative losses in ammonia form may go over 40% (Fowler 1989; Hargrove et al 1977) and such losses even get higher with high temperatures, high pH levels and straw cover over the soil surface (Raun & Johnson 1999) . It was reported in previous studies carried out with N 15 that nitrogen losses in cereals varied between 20-50% and such losses mostly realized through denitrification, evaporation and leaching (Olson & Swallow 1984; Karlen et al 1996) . 
Conclusions
It is known that large losses of nitrogen are expected from broadcasting treatments under dry conditions. Therefore, irrigations were delayed for a while after treatment applications in this study not to prevent the losses totally. Similar to evaporative moisture losses, differences between the surface covers provided by the cultivars in early spring also influenced nitrogen losses. Nitrogen losses in broadcasting treatments varied between 50.1-67.8% and such large losses pointed out the economic significance of prevention of these losses. Losses in broadcasting treatments were mainly evaporative losses. Sub-surface treatments limited such losses, improved nitrogen use efficiencies and ultimately provided significant economic benefits. It was finally concluded that in bed planting system, sub-surface nitrogenous fertilization in spring significantly prevented nitrogen losses and improved nitrogen uptake efficiency of wheat cultivars.
